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PREFACE 


This  Is  Che  first  Semi-Annual  Report  for  the  work  being  performed  on 
contact  number  DAAK80-81-C-0085 ,  "Field  Expedient  Repair  of  Fiber  Optic 
Cables".  The  funding  for  the  development  of  the  repair  system  is  provided  by 
the  U.S.  Army  Communications  -  Electronics  Command  (CE COM).  Technical 

direction  and  coordination  is  provided  by  Claire  E.  Loscoe,  the  cognizant  eng 
ineer  at  CECOM. 

The  design  phase  work  performed  to  date  represents  the  efforts  of; 

Dr.  Malcolm  H.  Hodge,  Manager,  Fiber  Optic  Devices;  Joseph  F.  Larkin, 

Senior  Mechanical  Engineer;  Henry  D’Amico,  Design  Engineer;  and  John  G, 

Woods,  Program  Manager.  All  are  members  of  the  TRW  Electronic  Components 
Group,  Research  and  Development  Labs,  in  Philadelphia. 
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1.0  INTRODUCTION 


I 

The  concept  of  field  repair  of  tactical  communications  cable  is 
a  new  one.  When  twin  metallic  coaxial  cable  is  damaged,  connector lzed 
sections  are  replaced  in  the  field.  Fiber  optic  cable  will  be  deployed 
in  lengths  of  one  kilometer  or  more,  making  it  attractive  to  consider 

*  temporary  field  repairs  for  rapid  restoration  of  service. 

This  report  is  the  first  semi-annual  progress  and  status  review  of 
an  exploratory  development  program  to  obtain  a  field  expedient  repair 

•  technique,  and  tool  kit,  for  fiber  optic  cable.  The  concept  being  de¬ 
veloped  Involves  the  use  of  four-rod  glass  alignment  guides  to  provide 
precise  fiber  alignment.  The  guides  are  enclosed  in  a  splice  housing  to 

i  give  the  repair  thr  mechanical  strength  and  protection  to  maintain  the 

communication  link.  The  tools  for  stripping  and  preparing  the  fiber  ends 
will  be  built  Into  one  assembly  for  ease  of  operation  in  the  field. 

§  Throughout  the  report,  the  complete  cable  repair  is  referred  to  as 

'  a  "repair"  or  as  a  "splice",  and  includes  the  alignment  guides,  cable 
retention  means  and  splice  housing,  or  enclosure. 

» 
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2.0  TECHNICAL  DISCUSSION 


The  Technical  Requirements  £or  the  field  expedient  repair  are  given 
in  the  contract  and  reproduced  as  Appendix  A  of  this  report.  The  selection 
of  cables  and  the  preliminary  designs  are  based  on  the  guidelines  presented 
in  the  Requirements.  The  interim  repair  samples  will  prove  viability  of 
the  splice  system,  but  will  not  demonstrate  repair  of  the  complete  range 
of  cable  sizes  and  ability  to  repair  one  or  more  fibers  without  interrupt¬ 
ing  the  functioning  channels.  These  latter  variations  will  be  addressed 
later  in  the  program. 

2.1  Fiber  Optic  Cables 

At  the  beginning  of  the  program,  50  to  200  meter  lengths  of  the  following 
fiber  optic  cables  were  purchased: 

1)  Galite  #6050-SD  duplex  cable. 

2)  ITT  #T2000-02  tight  buffer,  duplex  cable 

3)  ITT  #12001-06  tight  buffer,  6  fiber  cable. 

4)  Siecor  #212  loose  filled  buffer,  duplex  cable 

5)  Siecor  #204  tight  buffer,  duplex  cable. 

6)  Siecor  #6S6D0173,  loose  filled  buffer  6  fiber  cable. 

The  fibers  in  all  of  the  above  cables  have  125pm  O.D./50pm  cores, 

except  the  Siecor  #212,  which  is  125pm  0.D./63pm  core. 

During  our  investigations  and  discussions  with  CECOM  personnel,  it 
was  determined  that  the  near-term  applications  for  the  splice  kit  will  be  for 
duplex  cable.  It  also  appears  that  it  is  desirable  to  plan  for  cable  having  two 
polyurethane  jackets,  as  well  as  two  layers  of  Kevlar  strength  members. 

The  only  cable  purchased  having  the  double  jacket  construction  is 
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the  ITT  #T  2001-06  six  fiber  cable.  It  has  been  decided,  therefore, 
that  the  interim  repair  samples  will  be  prepared  with  the  six  fiber 
cable,  but  using  only  two  fibers.  The  repair  process  can  be  easily 
adapted  to  single-jacketed  cable,  if  desired.  It  will  also  be  assumed 
for  the  interim  samples  that  a  complete  cable  break  has  occurred,  rather 
than  only  one  channel  broken  and  that  communication  through  the  unbroken 
fiber  is  not  sufficiently  critical  as  to  preclude  its  temporary  loss 
during  total  fiber  repair. 

2.2  Splice  Design  Concept 

The  basic  element  in  the  optical  fiber  splice  is  the  four  rod  align- 

1,2 

ment  guide,  which  has  been  described  in  published  papers...  Figure  1 
is  a  schematic  illustration  of  the  guide  concept.  Flber/flber  alignment 
is  effected  by  a  vee-groove  formed  by  the  cusp  of  the  four  drawn  and 
fused  glass  rods.  The  two  cleaved  fiber  ends  of  each  channel  to  be 
repaired  are  forced  into  the  same  vee-groove  because  of  the  double  elbow 
formed  in  the  guide.  The  size  of  an  alignment  guide  is  governed  by  the 
size  of  fiber  to  be  joined.  For  125  um  diameter  fiber  the  guide  is  approx¬ 
imately  .040  in.  (1.0mm)  across  flats  and  0.75  in.  (19.1mm)  long. 

The  alignment  guide  provides  a  connection  having  an  Insertion  loss 
of  less  than  one  dB,  with  dry  125pm/50ym  fibers,  properly  cleaved.  The 
loss  is  considerably  reduced  by  the  simple  expedient  of  having  a  liquid 
at  the  fiber  interface.  With  a  silicone  fluid,  typical  Insertion  loss 
la  0. 3dB  or  less,  because  of  the  virtual  elimination  of  face  reflection 
and  Fresnel  loss.  The  addition  of  the  liquid  is  also  forgiving  of  minor 
defects  in  the  cleaved  fiber  surface.  The  alignment  guides  will  be 
pre-filled  with  silicone  fluid,  at  the  factory.  The  fluid  is  retained  in 
the  guide  by  its  own  surface  tension.  A  100  CS  viscosity,  at  room  temp- 
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rature,  assures  a  full  operational  capability  over  the  -55°c  to  100°C 
temperature  range. 

The  alignment  guide,  while  it  is  the  heart  of  the  splice  system, 
is  not  considered  a  fiber  or  cable  splice  in  itself.  The  fibers  must  be 
positioned  and  retained  in  a  housing,  which  must  also  provide  retention 
of  the  cable's  strength  members,  as  well  as  environmental  protection 
for  the  fibers  and  guides. 

A  drawing  of  the  splice  is  shown  in  Figure  2,  with  the  cable  in  place. 
The  alignment  guides  are  factory-installed  in  the  housing.  The  fiber 
positioning  and  cable  retention  clamps  are  crimped  to  the  cable  components, 
as  described  in  a  following  section.  The  stripped  and  cleaved  fiber 
ends  are  inserted  in  the  alignment  guides,  and  the  fiber  and  cable  clamps 
inserted  in  their  respective  recesses  in  the  splice  housing.  Since  the 
splicing  machine  precisely  positions  the  scribing  tool  with  respect  to 
the  fiber  clamps,  each  stripped  fiber  end  is  cleaved  at  a  point  which 
places  the  end  slightly  past  the  center  of  the  alignment  guide.  Thus, 
when  both  fibers  are  fed  into  the  guide  a  slight  bow  is  incurred  in  the 
fibers  which  provides  a  light  mutual  spring  force  to  maintain  the  fiber 
ends  in  contact. 

After  assembling  the  two  pairs  of  fiber  ends  in  the  two  alignment 
guides  and  the  clamps  in  their  recesses,  the  splice  housing  cover  is 
snapped  shut,  using  spring  catches  to  hold  the  two  parts  together.  The 
splice  is  complete. 

The  first  model  of  the  splice  housing  is  being  machined  from  aluminum 
bar  stock.  After  experiments  to  verify  the  design,  10  housings  will  be  made 
for  the  interim  repairs  to  be  delivered  to  CECOM.  The  interim  repair 
samples  will  be  sealed  with  a  compressible  sheet  gasket  between  the  cover 
and  housing  base. 
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2.3  Splicing  Machine  Design 

2.3.1  Design  Considerations 

The  design  of  the  tool  kit  for  preparing  the  fiber  optic 
cable  and  cleaving  the  fibers  is  of  central  importance  to  the  functioning 
of  the  field  splice  system.  The  basic  concept  is  to  mount  all  of  the 
tools  on  one  frame  to  make  up  a  splicing  machine  entity.  This  manually 
operated  machine  must  be  portable  as  part  of  a  kit,  and  simple  to  manipulate 
by  non-technlcal  personnel  under  adverse  field  conditions.  Precision  of 
clamp  placement,  of  the  fiber  scribing  and  of  housing  and  parts  positioning 
must  be  maintained  by  fixtures,  rather  than  by  operator  skill. 

Considerable  thought  and  effort  have  been  devoted  to  designing  the 

equipment  to  meet  the  above  requirements.  An  important  operation  is  the 

scribing  and  cleaving  of  the  fibers  to  precise  length  and  with  smooth  ends, 

fR) 

perpendicular  to  the  fiber  axis.  Our  experience  with  the  Optalign  v 

connector  and  commercial  splice  has  resulted  in  a  reliable  approach  to 

scribing  and  cleaving  fibers  for  the  field  splice  system.  First  a  nick 

is  made  in  the  fiber  at  a  predetermined  point.  The  scribed  fiber  is  then 

cleaved.  The  cleave  originates  at  the  scribed  nick,  propagating  through  the  fiber. 

Cleave  angles  of  less  than  2  degrees  are  typical  and  are  more  than  adequate 

for  low  loss  wet  connection. 

To  test  the  fiber  cleaving  approach  for  this  application,  a  working 
model  of  the  scriber  was  constructed.  This  model  will  be  used  as  part 


of  the  first  complete  brassboard  model  of  the  entire  Field  Expedient  Splice 
Kit  which  will  be  constructed  during  the  next  six  months. 


I 


A  splicing  machine  has  been  designed  and  detailed.  The  main  frame 
and  many  of  the  parts  will  be  made  of  aluminum  alloy  for  the  structural 
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integrity  and  low  weight.  Prior  to  constructing  a  working  prototype  of  the 
splicing  machine,  a  full  sized  wooden  model  was  fabricated.  This  model 
affords  us  the  chance  to  test  the  placement  of  working  parts  and  tools 
for  ease  of  operation.  A  series  of  photographs  was  made  of  the  wooden 
version  and  is  shown  in  Figures  3  to  18  to  aid  in  describing  the  design 
and  operation  of  the  splicing  machine. 

Following  is  a  summary  of  the  splicing  procedure  for  two  fiber, 
double  jacketed  cable,  of  the  tight  buffer  type. 

1)  Stripping  of  Cable  Jackets 

The  cable  is  placed  in  a  clamp  on  the  right  hand  side  of 
the  machine  frame  (Figure  3)..  The  six  inch  length  of  cable  protruding 
through  the  clamp  opening  is  controlled  by  a  stop (not  shown)on  the  base 
plate.  The  lever  in  the  upper  right  hand  corner  of  the  machine  is  pulled 
toward  Che  operator  to  close  the  clamp  jaws,  which  have  properly  sized 
blades  to  cut  through  the  cable's  outer  jacket.  The  cable  is  then  pulled 
out  of  the  jaws,  to  the  right  without  retracting  the  blades.  The  severed 
jacket  is  thus  caused  to  slide  off,  leaving  the  Kevlar  strength  member 
strands  exposed.  The  Kevlar  is  folded  back  along  the  cable  and  the 
inner  jacket  is  stripped  in  a  similar  manner,  by  simply  positioning  the 
partially  stripped  cable  in  the  adjacent,  smaller  bladed,  jaws  and  re¬ 
peating  the  above  operations. 

2)  Attachment  of  Strength  Member  Retainer 

The  strength  member  retainer  is  made  of  two  parts:  the 
strain/retain  ring;  and  the  crimping  sleeve,  shown  on  the  cable  in  Figures 
4  and  5  and  also  pictured  in  Figure  19.  The  strain/ retain  ring  is  slipped 
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over  the  cable  and  placed  at  the  end  of  the  outer  jacket  (Figure  4). 

The  Kevlar  strands  are  folded  back  over  the  ring  and  the  crimping  sleeve 
Is  placed  over  the  Kevlar,  trapping  the  strength  member  strands  between 
the  convoluted  surface  of  the  ring  and  the  sleeve.  The  excess  Kevlar 
strands  are  snipped  off,  the  retainer  is  positioned  in  the  jaws  of  a 
crimping  tool  (Figure  5),  and  the  sleeve  is  crimped.  The  crimping  tool 
is  not  actually  shown  in  the  photograph,  but  is  similar  to  the  fiber 
locater  sleeve  crimper  in  the  adjacent  holder. 

3)  Attachment  of  Fiber  Locater  Sleeve 

The  individual  fiber  locater  sleeve,  with  a  rubber  inner 
sleeve,  is  slipped  over  one  Hytrel  jacketed  fiber  and  placed  in  the  jaws  of 
the  crimper  as  shown  in  Figure  6.  The  fixture  serves  as  a  positioner  to 
retain  the  sleeve  for  precise  location  of  the  cleaved  fiber  end  produced 
in  a  later  step.  The  crimping  tool  is  manually  closed  to  crimp  the  sleeve 
over  the  fiber  jacket.  Figure  7  shows  the  sleeve  after  crimping.  The 
inner  rubber  sleeve  protrudes  to  one  side,  serving  as  a  spring  to  force 
the  metal  sleeve  against  one  side  of  the  fixture  and,  later,  against 
the  distal  side  of  the  splice  housing  cavity,  for  repeatable  positioning. 

After  crimping  the  locater  sleeve  on  one  fiber,  the  same  operation  is 
performed  on  the  other  fiber. 

4)  Stripping  of  Fiber  Jackets 

The  Hytrel  fiber  jackets  are  mechanically  stripped  using 
a  stripper  mounted  on  a  slide,  shown  in  retracted  position  in  Figure  8. 

The  tool  is  moved  to  the  right  as  the  jacketed  fiber  end  is  inserted  in 
a  ferrule  at  the  end  of  the  stripping  tool.  The  handle  is  depressed  and 
the  stripper  slide  is  then  moved  to  the  left,  ss  shown  in  Figure  9.  This 
action  strips  the  fiber  to  the  required  length  (Figure  10).  The  operation  is 
repeated  for  the  second  fiber. 
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FIGURE  8.  Fiber  Before  Stripping  Fiber  Jacket 
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FIGURE  10.  Fiber  After  Stripping 
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5)  Scribing  and  Cleaving  the  Fibers 

The  fiber  stripper,  used  in  Step  (4),  and  the  scribing/ 
cleaving  tool,  are  mounted  on  a  common  cradle,  manipulated  into  either 
of  two  positions  by  the  lever  in  the  upper  left  hand  portion  of  Figure  10. 

Pulling  the  lever  toward  the  operator  rotates  the  scribing/cleaving  tool 
90°  into  position  to  work  on  the  fibers.  Figure  11  shows  the  cradle  in 
position  for  scribing.  The  fiber  jacket  is  then  clamped  in  place  and  the 
fiber  is  scribed  and  cleaved.  The  fiber  has  been  cleaved  in  Figure  13.  The 
second  fiber  is  cleaved  in  the  same  manner. 

6)  Completing  the  Splice 

a)  The  prepared  cable  end  is  removed  from  the  holding  clamp, 
and  placed  in  the  clamp  closest  to  the  operator.  The  strength  member  re¬ 
tainer*  is  placed  in  the  cavity  in  the  splice  housing,  as  shown  in  Figure  14, 
and  the  right  hand  clamp  lever  is  pulled  forward  to  hold  the  cable.  The 
fibers  are  fed  into  the  individual  alignment  guides  through  enclosed  feed 
slots  which  insure  entry  into  the  guide  via  the  flares.  When  the  fiber 
locater  sleeves  are  inserted  in  their  proper  housing  cavities,  the  cleaved 

fiber  ends  will  be  correctly  positioned  in  the  alignment  guides,  a  few  thousandths 
of  an  inch  beyond  the  guides'  centers.  The  hinged  cover  of  the  splice  housing 
is  then  closed  and  the  spring  clips  turned  and  snapped  into  place  (Figure  13). 

The  cable  clamp  is  released  and  the  splice  housing  is  picked  up,  rotated  end 
for  end,  and  replaced  in  the  fixture  (Figure  16). 

b)  Steps  (1)  through  (5)  are  repeated  with  the  other  end  of 
severed  cable.  The  splice  housing  is  reopened  and  the  prepared  cable  is 
assembled  in  the  guides  and  cavities,  as  described  in  (6a).  This  time. 
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FIGURE  13.  Fiber  Cleaved  to  Length 


FIGURE  14.  Cable  Installed  in  Splice  Housing 
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figure  15.  Splice  Housing  Closed 


FIGURE  16.  Splice  Housing  In  Second  Position 
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FIGURE  17.  Splice  Housing  Opened  Before  Assembly  of  Second 
Cable  End 


FIGURE  18.  Completed  Splice 


when  the  fibers  are  installed  in  the  guides,  the  cleaved  ends  contact 
the  previously  inserted  fibers  to  effect  optical  channel  restoration. 

c)  The  housing  is  again  closed,  clips  engaged  and  cable 
clamp  released.  The  finished  splice  is  shown  in  Figure  18,  after  removal 
from  the  splice  machine. 

2.4  Splice  Performance 

The  splices,  as  described  above,  have  not  yet  been  made  and  tested. 

Tests  of  commercial  connectors  and  splices  using  the  alignment  guide  have 
been  performed,  however.  In  tests  of  25  splices  of  125/50ym  fiber  with 
UV  cured  epoxy  in  the  alignment  guides,  the  insertion  loss  was  0.1  to 
0.2  dB.  The  silicone  oil  to  be  used  in  the  guides  for  the  field  splice 
kit  performs  equally  well,  as  demonstrated  in  tests  of  demountable  connectors 
using  that  medium. 

Later  in  the  program,  completed  splices  will  be  subjected  to  tests 
of  Insertion  loss,  as  well  as  to  a  series  of  environmental  tests  enumerated 
in  the  Test  Plan. 

2.5  Project  Status  and  Future  Work 

The  design  work  is  nearly  complete  prior  to  construction  of  the 
first  working  splicing  machine  model.  The  detailed  drawings  are  being 
completed  and  revised  according  to  the  information  gained  through  the  con¬ 
struction  of  the  wooden  models.  The  scriber/cleaver  has  been  ordered  and 
should  be  completed  in  June,  1982.  Modifications  of  crimping  tools  are  in 
progress.  The  remaining  parts  and  assemblies  of  the  splicing  machine  will 
be  ordered  in  June. 

The  first  working  model  of  the  splice  enclosure,  and  internal  parts, 
has  been  constructed.  Preliminary  evaluations  and  design  improvements 
are  in  progress.  Cost  estimates  are  being  obtained  for  die  castir.g 

(aluminum  alloy)  and  molding  (reinforced  plastic)  of  the  splice  housing. 
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It  is  not  economically  practical  to  make  the  housings  by  machining, 

*  beyond  the  first  few  models.  The  number  of  parts  to  be  machined  prior  to 

die  casting  or  molding  will  be  resolved  with  CECOM. 

By  September,  1982,  it  will  be  possible  to  demonstrate  the  operation 
I  of  the  splicing  machine  model  to  make  completed  splices. 

» 

I 

t 
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3.0  CONCLUSIONS 


The  development  of  a  viable  field  splicing  system  for  fiber  optic 
cables  is  proceeding  close  to  the  schedule.  The  construction  of  wooden 
models  and  working  subassemblies  has  enabled  us  to  solve  many  problems 
during  the  design  phase.  There  are  no  unresolvable  problems  apparent 
at  the  present  stage  of  development  . 
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CORADCOH  CENCOMS  22-81 

Technical  Requirements  S  May  1980 

Field  Expedient  Repair  of  Fiber  Optic  Cables 
1*  Scope :  These  are  the  technical  requirements  of  an  exploratory 
development  program  to  establish  a  technique  for  the  emergency  repair 
of  fiber  optic  cables  at  the  Army's  Organizational  level  (i.a.,  in  the 
field  envlrounent) .  The  repair  method  must  he  applicable  to  cables 
containing  one  to  six  optical  fibers  and  be  easily  accomplished  in 
a  variety  of  weather  and  temperature  conditions  typical  of  tactical 
field  environments.  The  engineering  effore  shall  include  development 
of  the  repair  method;  testing  of  the  repaired  cable;  developsmnt  and 
fabrication  of  any  special  tools  for  effecting  the  repair;  the  assembly; 
packaging  and  delivery  of  a  repair  kit  containing  materials  and  tools 
needed  to  affect  the  repair;  and  recommendation  on  cable  imprevesmnts 
ce  facilitate  cable  repair. 

2.  Applicable  documents:  The  following  documents  form  a  part  of  these 

requirements: 

Specifications:  Military  -  D00-D-1000B  -  Dated  28  Oct  77,  Drawings, 
Engineering  and  Associated  Lists. 

Standards:  MIL-STD-810C  dated  10  March  1975,  Environmental  Test  Methods 

DOD-STD-1678  dated  30  Nov  1977,  Fiber  Optics  Test  Methods  and 
Instrumentation. 

3.  Requirements: 

3*1  General  Requirements;  The  objective  of  this  program  is  a  method 
of  repairing  fiber  optic  cables  in  the  field  environment.  The  repair  method 
shall  be  designed  as  an  expedient  repair  method  to  minimize  "down  time" 
of  the  fiber  optic  link  and  to  reduce  the  cost  of  maintenance  of  the  cable 
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by  eliminating  the  need  to  replace  long  (l  Ka)  connectorized  sections  of 

the  cable  for  every  repair.  The  repair  aechod  shall  be  suitable  for  integration 

into  the  Army's  fiber  optic  cable  maintenance  program. 

It  is  expected  that  the  repair  method  will  be  the  adaption  of  a 
single  fiber  splice  or  connector  technique  to  cables  containing  one  to 
six  optical  fibers.  Of  primary  importance  Is  the  achievement  of  low 
(optical)  loss  in  a  repair  aechod  thee  is  easy  to  lap  lament.  In  addition, 
the  program  shall  aim  at  achieving  ruggedness  and  good  strain  relief  of  the 
repair,  ease  of  break-out  of  fibers  from  the  cable,  and  repair  (e.g.  by 
means  of  the  addition  of  a  section)  when  no  slack  exists  in  the  cable  (taut 
cable).  Special  tools,  equipment  or  protective  housings  needed  to  accomplish 
the  repair  shall  be  devised  and  fabricated  as  necessary.  Techniques  and 
tools  shall  be  designed  to  eliminate  or  minimize  human  contact  with 
glass  splinters  from  the  optical  fibers. 

The  effort  shall  be  conducted  in  three  phases:  design,  testing  and 
demonstration. 

In  the  initial  (design)  phase  of  development,  simplicity,  low  loss, 
end  ruggedness  shall  be  verified  in  the  laboratory. 

In  the  test  phase  of  the  program,  the  contractor  shall  devise  and  perform 
simple  tests  for  mechanical  strength  and  optical  integrity  of  the  repaired 
cable.  In  addition,  the  repaired  cables  shall  be  subjected  to  accelerated 
aging  in  controlled  environmental  chambers  to  test  for  any  deterioration 
which  may  result  from  exposure  to  various  enviroiusental  conditions. 
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In  the  demonstration  phase,  the  contractor  shall  prove  chat  the  repair 


1  method  Is  suitable  for  field  use  by  conducting  sample  repairs  outdoors 

under  various  weather  conditions  at  the  contractor's  site. 

For  any  conditions  under  which  the  repair  method  may  not  appear  useful 
I  (e.g.  Arctic  temperatures  of  -55°C),  the  contractor  shall  conduct  an 

investigation  culminating  in  recommendations  of  additional  hardware  or 
equipment  that  will  allow  performance  of  the  repair,  or  of  alternate 
|  maintenance  procedures  for  ehose  conditions. 

3.2  Amellcablllcv  of  the  lenair  Method!  The  repair  method  shall  be 
applicable  to  the  following  types  of  eablas  and  optical  fibers: 

o 

§  3.2.1  Cables:  The  repair  method  shall  be  applicable  to  canaerclally 

available  cables  containing  one  to  six  optical  fibers.  The  Investigation 
shall  Include,  but  not  be  limited  to  the  two  fiber  and  six  fiber  cables 
(  produced  by  Galite  (semi-loose  tube),  ITT  (tight  buffer)  and  Slecor  (loose 

and  filled  buffer).  Figure  1  show  cross-sections  for  typical  single  and 
multi-fiber  cables.  Fibers  within  the  multi -fiber  cables  are  helically 
I  wound  around  a  central  strength  member. 

dhon  loss  than  six  optical  fibers  aro  required  for  transmission,  the  cablo 
may  contain  strength  members  or  fillers  in  place  of  unneeded  optical  fibers. 

I 

I 

a 

i 
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3.2.2  Optical  Fibers:  Typical  properties  of  the  optical  fibers 


are. 


contained  in  the  cables/as  follows: 


Type 

Numerical  Aperture  (N.A.) 
Glass  Fiber  Diameter 
Irregularity  in  Diameter 
Tensile  Strength 


glass  core/glass  clad;  graded  index 
.14  -  .24 
125  fm 
±51 

50,000-100,000  pal  (typical) 

3.3  Specific  Requirements  of  the  Repair  Method: 

3.3.1  Loss:  The  loss  introduced  into  a  fiber  path  by  the  repair 
method  shall  be  measured  for  all*  repairs  prior  to  environmental  testing. 

The  loss  shall  not  be  greater  than  nominally  1  dB.  Contractor  shall  adapt 
the  attenuation  measurement  specified  in  test  method  6020  of  DOD-STD-1678 , 
Procedure  1X1,  to  the  present  application.  Details  of  the  test  method  and 
equipment  shall  be  provided  to  the  PGO  for  approval.  Measurements  may  be 
made  at  a  nominal  wavelength  of  .82  pm.  The  loss  measurement  shall  be 
performed  in  the  laboratory. 

3.3.2  Simplicity:  The  repair  method  shall  be  easily  accomplished 
with  simple-to-use  tools/equipment  in  a  variety  of  environmental  and 
weather  conditions. 

3.3.3  Implementation  Time:  The  tine  required  for  effecting  the  repair 
shall  be  minimised.  It  shall  not  exceed  fifteen  (15)  minutes. 
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3.3.4  Break-Out  of  Fibers;  In  multi-fiber  cables,  jacketing  material 


extruded  over  the  fibers  may  coat  the  fibers  on  all  sides  making  the  breaking- 
out  (freeing)  of  the  fibers  from  the  cable  a  delicate,  time  consuming 
operation.  The  repair  method  shall  incorporate  a  means  to  rapidly  break-out 
the  fibers.  A  tool  shall  be  designed  and  fabricated  if  necessary.  Recommenda¬ 
tions  on  improving  cable  structure  to  enhance  repair  methods  shall  be  made. 

3.3.5  Strain-Relief :  The  repair  method  shall  include  e  means  for 

strain  relief  of  the  repaired  cable.  Reference:  TM  11-5995-208-15, 

Operator's,  Organisational,  Direct  Support,  General  Support,  and  Depot 
Miimtenamce  Manual  Including  Impair  Farts  and  Special  Tools  Liats, 

CABLE  ABSEMLY,  SPECIAL  PUMPOSE,  ELECTRICAL  CX- 112 30/C  (MSB  5995-00-133-9128) 
AMD  CABLE  A3SEWLY,  ADAPTER  CX-10734/G  CHSM  5995-00-133-9125). 

3.3.6  Taut  Cable:  The  repair  method  shall  be  usable  on  a  taut  cable. 

It  may  be  necessary  to  insert  a  length  of  cable,  thus  requiring  application 
of  the  repair  method  twice,  once  on  each  end  of  the  inaerted  piece  of  cable. 

3.3.7  Strength  of  Reeeired  Cable:  The  repair  method  shall  include  a 
means  of  maintaining  or  restoring  strength  to  the  repaired  section  of  the 
cable.  The  strength  of  undamaged  cable  and  of  the  repaired  cable  shall  be 
measured  by  adapting  the  method  entitled  "Cable  Tensile  Load,"  Method  3010 
of  DOD-STD-1678,  Procedure  I,  to  the  repaired  cable.  Test  method  shall  be 
submitted  to  the  POO  for  approval. 

3.3.8  Protection  from  Environment:  The  repair  method  shell  include  e 
means  of  protecting  the  repaired  section  from  deterioration  as  a  rasult 

of  exposure  to  tha  environment . 

3. A  Environmental  Teste:  Repaired  cablet  shall  ba  tastad  in  a  variaty 
of  anvironmenta.  Detailed  test  methods  including  the  cable  lengths  end  optical 
test  measurements  and  equipment  shall  ba  providad  to  tha  PG0  for  approval 


prior  to  the  scare  of  Che  eesCs.  TesCs  shall  be  conducced  in  Che  laboratory 
using  environmental  chambers  Co  conCtol  Che  condicions  Co  which  Che  cables 
are  exposed. 

Loss/accenuacion  (paragraph  3.3.1  above)  shall  be  monitored  during 
each  environmental  cesc  in  order  to  determine  whether  any  deterioration  of 
optical  transmission  is  induced  by  the  environment. 

At  the  completion  of  each  test,  che  repaired  cable  shall  be  inspected 
visually  under  5X  magnification  and  any  physical  deterioration  shall  be  noted. 
Also,  at  the  completion  of  each  environmental  test,  the  repaired  cable  shall  be 
subjected  to  the  strength  test  (Section  3.3.7  above). 

A  — 1 »-• «-—  of  five  repaired  cables,  including  one,  two  and  six  fiber 

cables,  shall  be  subjected  to  each  of  the  environmental  tests  listed  in 

paragraphs  3.4.1  to  3.4.9  below.  The  objective  in  each  case  is  no  increase 

in  loes  from  the  value  measured  in  3.3.1,  and  preservation  of  mechanical 
integrity  and  strength. 

3.4.1  llsh  Temperature;  Method  S01.1  of  MIL- STD-810.  Procedure  II. 

The  temperature  for  Step  7  shall  be  83°C  (135°P).  The  loss  shall  be  measured 
in  Steps  7  and  10.  Step  8  shall  be  omitted. 

3.4.2  Low  Temperature:  Method  502.1  of  MIL-STD-810.  Loss  shall  be 
measured  after  the  2 4- hour  stabilisation  period  of  Step  2  and  in  Step  7. 

Steps  3,  4  and  5  shall  be  omitted. 

3.4.3  Temperature  Shock:  Method  503.1  of  MIL-STD-810.  The  loss 
shall  be  measured  in  Step  7. 

3.4.4  Solar  Radiation  (Sunshine) :  Method  505.1  of  MIL-STD-810. 

Procedure  II. 

3.4.5  Rain:  Method  506.1  of  MXL-STD-810.  Procedure  II.  Total  time 
of  exposure  to  rain  shall  be  two  hours  (Step  4). 


3. A. 6  Humidity:  Method  507.1  of  MIL-STD-810.  Procedure  III. 

3. A. 7  Fungus:  Method  508.1  of  MXL-STD-810.  This  test  need  not 
be  carried  out  if  all  parts  and  aaterials  used  in  the  repair  of  the  cable 
have  already  been  shown  to  have  passed  this  test. 

3.4.8  Dust  (Fine  Sand) :  Method  510.1  of  MIL-STD-810. 

3.4.9  Leakage  ( Immersion) :  Method  512.1.  Procedure  I  and  Procedure 
III.  Water  shall  be  used  in  both  procedures. 

3.5  Tests  for  Field  Pse:  Simple  tests  for  use  in  the  field  shall  be 
devised  and  used  to  deteralna  optical  Integrity  and  Mechanical  strength  of 
the  repaired  cable. 

3.5.1  Optical:  The  test  aay  consist  of  detecting  a  signal  pf  known 
intensity  that  has  been  transmitted  through  the  section  of  cable  containing 
the  repaired  portion. 

3.3.2  Strength:  Simple  procedures  for  tugging,  twisting  and  bending 
the  repaired  cable  shall  be  devised  for  maintenance  personnel  to  determine 
that  the  repaired  cable  is  mechanically  strong. 

3.6  Dssmnstration  of  Field  Pse:  Contractor  shall  demonstrate  suitability 
of  repair  method  for  field  use  by  performing  at  least  one  single  and  one 
multifiber  cable  repair  in  each  of  a  variety  of  weather  conditions  at  the 
site  of  contractor's  plant. 

3.7  Additional  Hardware/Equipment :  Alternate  Maintenance  Methods:  In  the 
event  that  the  repair  method,  while  generally  useful,  fails  to  be  suitable 
for  implementation  under  certain  conditions,  contractor  shall  conduct  an 
investigation  resulting  in  specific  recommendations  as  to  additional  hardware 


or  equipment  that  may  extend  the  uae£ulneaa  of  the  method,  or  an 
alternate  method  of  cable  maintenance  for  those  conditions. 
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3.8  Models:  Ten  (10)  sample  repairs  representative  of  the  work 
accomplished,  shall  be  submitted  at  the  end  of  the  13th  month  of  the 
program.  Ten  final  repairs  and  six  (6)  complete  repair  kits  shall  be 
delivered  by  the  end  of  the  25th  month.  The  procedure  for  accomplishing 
and  field  testing  the  repair  shall  be  specified  in  step-by-step  instructions 
included  with  the  kit. 

The  repair  kits  shall  contain  materials  and  tools  or  equipment  for 
effecting  repairs  in  the  field.  Kits  shall  be  lightweight ,  rugged,  and 
in  a  fora  that  is  easy  for  one  person  to  carry  and  use. 

3.9  Engineering  drawings  and  description  of  any  tools  or  equipment 
designed  or  modified  from  existing  designs  under  this  program  shall  be 
delivered  by  the  end  of  the  25th  month. 

4  Quality  Assurance  Provisions: 

4.1  Acceptance  shall  be  based  on  the  contractor's  fulfillment  of  the 
requirements  of  Section  3. 

5.1  Packaging,  packing,  and  marking  shall  be  as  specified  in  the  contract. 

6.1  l!g£*g.*  This  section  is  not  applicable  to  this  specification. 
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Commander  Director 

iKj  Koi  t  iluachuca  Ui»  Army  Human  Engineering  L^bs 

ATTN:  Technical  Reference  Div  Aberdeen  Droving  Ground,  MD  21005 

l'o i  t  Iluachuca,  A2  85611 


•  •  • 


•  • 


Ct-miiundei 

US  Army  Electronic  Proving  Ground 

ATTN :  STUKP-MT 

i-’oi  i  iiuachnt'a ,  AZ  8561  3 

Ci  .itunander 

IJSASA  Test  *  Evaluation  Center 

ATTN:  IAO-CDR-T 

Kr.it  Huachuca,  AZ  85613 

Dir,  US  Army  Air  Mobility  R»D  Lab 
ATTN:  T.  Cossett,  Bldg  207-5 
NASA  Ames  Research  Center 
tfoffett  Kield,  CA  94035 

IIQDA  (DAMO-TCE) 

Washington,  DC  20310 


Deputy  for  Science  l  Technology 
Office,  Assist  Sec  Army  (RlD) 
Washington,  DC  20310 


Commander,  DARCOM 
ATTN :  DRCDE 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

US  Marines .  . 

C3  Division  .  

.  Quantico,  VA  22134 
■ATTN:  GSGT  M.  Collins 

COR,  US  Army  Signals  Warfare  I.ab 
ATTN:  DKLSW-A0 

Arlington  Mall  Station 
Arlington,  VA  22212 


Commander 

Combined  Arms  Center 
ATTN:  ATZL-CAC-IA(CPT  Lynn) 

Fort  Leavenworth,  KA  66027 

Director 

Joint  Comm  Office  t’TRl-TAC) 

ATTN:  TT-AO  (Tech  Docu  Coni 
Fort  Monmouth,  NJ  07703 

Commander 

HQ,  9th  Infantry  Division  &  Ft.  Lewis 
ATTN:  AFZH-HTT3-CDCC  (MAJ  Davis) 

Fort  Lewis,  Washington  98433 

TRI-TAC  Office 

ATTN:  TT-SE  (Dr.  Pritchard) 

Fort  Monmouth,  IIJ  07703 

CDR,  US  Army  Research -Office 
ATTN:  DRXRO-IP 
PO  Box  12211 

Research  Triangle  Park,  NC  2 7709 

Advisory  Group  on  Electron  Devices 
201  Varick  Street,  9th  Floor 
New  York,  NY  10014 


Advisory  Croup  on  Electron  Devices 
ATTN:  Secy,  Working  Group  D  (Lasers) 
201  Varick  Street 
New  York,  NY  10014 

TACTEC 

Mattel le  Memorial  Institute 
505  King  Avenue 
Columbus,  Oil  43201 


Corning  •'.!  i^s  Works 
Tel  Lcwitiun icat  ion  I  rod  Dept 
Corning,  hV  1  4330 
ATTN:  F.  Quan 

Stevens  Institute  of  Technology 
ATTN:  Or.  6.J.  Herskowitz 
Castle  Point  Station 
Hoboken,  NJ  C703 

Deutsch  Co. 

Elec  Components  Div 
Municipal  Airport 
fanning,  C A  92220 

General  Cable  Corporation 
.ATTN:  Mr.  M.  Tenzer 
160  Fieldcrest  Avenue 
Edison,  NJ  C3317 


President  Comnuni cations  Electronics  Board 
ATTN:  ATSH-80-TE 
Fort  Gordon,  GA  30905 

NKA  Incorporated 
40  Beechwood  Raod 
Uncroft,  NJ  07738 
ATTN:  J.R.  Dunlap 

Hughes  Aircraft  Corporation 
Tucson  Systems  Engrg  Dept 
K>  Box  802,  Room  600 
Tucson,  AZ  85734 
ATTN:  Mr.  D.  Fox 


Leiden  Corporation 
Technical  Research  Center 
2000  S.  Ratavi  i  Avenue 
Genova,  1L  60134 
ATTN:  Mr.  J.  McCarthy 

Optcleco;n,  Inc. 

15940  Luanne  Drive  9T7 
Gaithersburg,  MD  20760 

Bell  Telephone  Laboratories 
Whippany  Road 
Whippany,  NJ  07981 
ATTN:  Mr.  G.  A.  Baker 

Harris  Electronics  Systems  Division 
PO  Box  37 

Melbourne,  FL  32901 
ATTN:  Mr.  R.  Stachouse 

Fiber  Optics  Plant 
Rodcs  Boulevard 

ITT  Defense  Communications  Division 
492  River  Road 

Nutley,  NJ  07110  . 

ATTN:  -Or-T— P.  Stcensma-  /, 

Defense  Electronics  Supply  Center 
ATTN:  DESC-EMT  (Arthur  Hudson) 

Dayton,  OH  45444 

GTE  Sylanvia  Inc. 

Communications  System  Division 

77  A  Street 

Needham  Heights,  MA  02194 
ATTN:  Mr.  J.  Caggiano 


t 


Naval  Ocean  Systems  Center 
Hawaii  Laboratory 
12C5  Akamai  Street 
Kailua,  Hawaii  96734 
ATTN:  G.  Wilkins 

Harris  Corporation 

Government  Communications  System  Oivision 
PO  Box  92000 
Melbourne,  FL  32901 
ATTN:  R.H.  Painter 

Spec  Tran  Corporation 
Hall  Road 

Sturbridge,  MA  01566 
ATTN:  Or.  R.  Yaeger 

Siecor/Optical  Cable 
PO  Box  610 
Hickory,  NC  28603 
ATTN:  M.G.  Hassarani 

Naval.  Ocean  System  Center 
ATTN:  Steven  Cowen,  Code  521 
271  Catalina  Blvd 
San  Diego,  CA  92152 

Commander 

ERADCOM  Flight  Test  Activity 
ATTN:  DELAF  (J.  Mac  Naraara) 

Lakehurst,  NJ  08733 

Commander 

101st  Airborne  Oivision  (AASLT) 

ATTN:  AFZB-SO  (MAJ  Reeves) 

Fort  Campbell,  KY  42223 


Booz-Allen  and  Hamilton 
ATTN:  B.O.  OeMarinis 
776  Shrewsbury  Avenue 
Tinton  Falls,  HJ  07724 

Xerox  Electro-Optical  Systems 
ATTN:  Mr.  R.E.  Purkis 
300  North  Halstead  Street 
Pasadena,  CA  91107 

Commander  US  Army  Missile  R&O  Command 
ATTN:  DRSMI-RDD . (R.  Powel 1 ) 

Redstone  Arsenal ,  AL  35898  . 

The  Mitre  Corporation 
ATTN:  Scott  Large 
PO  Box  208 
Bedford,  HA  01730 

Martin  Marietta  Aerospace 
ATTN:  Dr.  G.L.  Harmon 
Orlando  Oivision 
PO  Box  5837  MP-3 
Orlando,  FL  32805 

Naval  Ocean  Systems  Center 
ATTN:  Howard  Rast,  Jr.  Code  8115 
271  Catalina  Blvd 
San  Diego,  CA  92152 

Bell  Laboratories 
2000  N.E.  Expressway 
Norcross,  GA  30071 

ATTN:  James  A.  Aberson,  Jr.,  Lightguide  Joining  Group 


Reliability  Analysis  Center 
ATTN:  RADC/RBRAC  (I.L.  Krulac) 
Griffiss  AFB,  NY  1344’ 


Conmander 

US  Army  .'•‘ERAOCOM 

ATTN :  DRDME-XIC  (J.A.  Rarick) 

Ft.  Bel  voir,  VA  22060 

i.'.'.nin.ink-r 

IJ:»  Army  Training  fc  Doctrine  Command 

A  i’i  ii :  ATCD-TEU 

I'ort  Monroe.  VA  23651 

Commander 

US  Amy  Training  a  Doctrine  Command 

A'i  TN :  ATCD-TM 

Fort  Monroe,  VA  23651 

NASA  Scientific  &  Tech  Info  Pacility 
Daltimore/Washington  Inti  Airport 
PO  Box  8757,  MD  21240 

Project  Manager,  ATACS 

ATTN:  drcpm-atc-TM  (Mr.  J.  Velasquez) 

Port  Monmouth,  NJ  07703 

Honeywell .  Inc.  .  .. 

Communication  Technology 
Tech  Strategy  Center 
1700  West  Hwy  36 
St.  Paul,  Minn  55113 


Commander 

USACEC0M 

Port  Monmouth,  NJ  07703 
ATTN:  DRSEl-SEl 

DRSEL-C0M-RM-1  (C.  Loscoe) 
(  8  copies) 


6TE  Sylvanla,  Inc. 

Connector  Products  Operation 
RO  #2  Box  29 
Titusville,  PA  16354 
ATTN:  Mr.  0.  Knecht 


CDR,  US  Army  Avionics  Lab 

AVRADCOM 

ATTN:  OAVAA-D 

Port  Monmouth,  NJ  07703 

Times  Fiber  Comm,  Inc. 

358  Hell  Avenue,  ATTN:  Or.  0.  Pi r now 
‘  Wallingford,  CT  06492 

Bell  Northern  Research 
PO  Box  3511,  Station  C 
Ottawa,  Canada  K1Y  4117 

Valtec  Corporation 
99  Hartwell  Street 
West  Boy Is ton,  MA  01583 
ATTN:  Dr.  I.D.  Aggarwal 


Hughes  Research  Laboratory 
3011  Malibu  Canyon  Road 
Malibu,  CA  90265 
ATTN:  Dr.  6.  Tangonan 

MAJ  Bob  Warren 
HQ,  USAF/RDST 
Washington,  DC  20330 


Collins  Radio 

Telecommunication  Products  Div 
855  35th  Street  N.E. 

Cedar  Rapids.  Iowa  52498 
ATTN:  Mr.  Duane  Weltha 

Mail  Station  137-148 

ITT  Cannon 
PO  Box  8040 

Mountain  View,  CA  92708 
ATTN:  Mr.  L.  Borsuk 

Boeing  Aerospace 
PO  Box  3999 
Seattle,  WA  98124 
ATTN:  Mr.  Owen  R.  Mulkey 

Litton  Data  Systems 
8000  Woodley  Avenue 
Van  Nuys,  CA  91409 
ATTN:  Mr.  R.F.  Bergfeld 

Bausch  and  Lomb 

Instruments  and  Systems  Division 
42  East  Avenue 
Rochester,  NY  14603 
ATTN:  Mr.  Willard  W.  Hunter 


END 

DATE 

FILMED 


